The nuclear quadrupole relaxation probability Wx o f 23N a in a single crystal o f N a N 0 2 has been studied by applying a selective 180° pulse to the centre line and monitoring the exponential approach to equilibrium o f the satellites. The orientation dependence o f Wx at 170 K is similar in form to that at 298 K, indicating that the lattice motions responsible for the relaxation are similar at both temperatures. Ratios o f the A/-tensor com ponents obtained by fitting the W, data have been compared with the results o f various point charge calculations. It indicates that the relaxation is primarily caused by interaction with the four nearest oxygen atoms and confirms that the N 0 2 groups oscillate and reorient primarily about the c axis.
Introduction
The first detailed study o f the q u ad ru p o le relax ation o f 23N a in N a N 0 2 was carried out by Bonera, Borsa and R igam onti [1] w ho m easured the te m p erature dependence o f T{~1 = (2/5) (W, + 4 W2) [2] , w here W, and W2 are the pro b ab ilities o f the Am = ± 1 and ± 2 transitions respectively. They observed a critical point anom aly in Tx~x at the ferroelectric transition tem p eratu re o f 436 K and a sudden unexplained decrease in T\ 1 betw een 220 K and 170 K. In m any subsequent investigations o f the critical point anom aly, the o rien tatio n dependence o f W\ and W2 was not properly taken into account. To extract m axim um in form ation from q u ad ru p o le relaxation data requires the d eterm in a tio n o f all the independent com ponents o f th e fourth-rank Mtensor [3] , T heir te m p eratu re dependence should be o f interest since th ere is no a p riori reason w hy they should scale identically w ith te m p eratu re , and, indeed, we have show n [4] th at the ratios o f the A/-tensor com ponents o f 23N a in N a N 0 2 change significantly near the ferroelectric transition.
We have therefore begun an investigation o f the orientation dependence o f the q u ad ru p o le relax ation o f 23N a in N a N 0 2. In this paper, we describe o u r m ethod o f determ ining the A/-tensor co m ponents, and we present som e results obtained at room tem p eratu re and 170 K. M -tensor com ponents are defined classically by [3] + 00
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w here a, ß, a ', ß' = 1, 2, 3 = x ,y , z and Fay? is S2 V /d x a dxß.
Measurement of W,
T he q u a d ru p o la r spin-lattice relaxation of a sys tem o f 7 = 3 / 2 nuclei which experience quadrupole splitting, in general involves three relaxation rates 2 Wu 2 W2 and 2(lVi + IV2) [2] . However, if the spin system is p ertu rb ed by selective excitation o f th e centre line alone, it can be shown that each satellite should relax exponentially w ith a rate 2 W x. Also, if one o f the satellites is selectively excited, the centre line should relax exponentially w ith the sam e rate 2 W X . T hese experim ents for determ ining W\ are to be preferred, since it is difficult to extract accurate values o f relaxation rates from m u lti exponential decays. (It is not necessary to m easure b oth W\ and W2 to determ ine the M -tensor co m ponents, p ro v id ed the correlation tim e of the fluc tu atio n s is short [3] .)
In a p relim in ary study, we selectively saturated the centre line o f 23N a in a single crystal of N a N 0 2 w ith a com b o f w eak 90° pulses, and m onitored the subsequent ap p ro a ch to equilib riu m o f one o f the satellites w ith a w eak 90° pulse. Sim ilar ex p e ri m ents w ere perform ed in w hich a satellite was satu rated and the centre line was m onitored. In b o th types o f experim ents, th e relaxation was essentially exponential. Also, th e rates w ere th e sam e at crystal orientations w here W2/ W x was = 1. H ow ever, they differed by ab o u t th ree percent at orientations w here W2/ W x was ap p ro x im ately 0.5 or 2, and the discrepancy
At all crystal orien tatio n s, the m agnetic field was adjusted so th at the frequency o f th e satellite being m onitored was 14.5 MHz.
Results and Discussion
Values o f Wx m easured at room tem p eratu re (298 K) are show n in F ig u re 2. T he curves, w hich represent a least squares fit to ( 1), are in very good agreem ent w ith the d ata. T he M -tensor com ponents o b tained from the fit are listed in T able 1, n o r m alized w ith respect to M u u . (A bsolute values can be found from the ratios, given th a t e2 Q2 M n u / 96 = (0.242 ± 0.002) s _1.) Also show n in T able 1 are corresponding values o b ta in ed earlier in o u r la b o ra tory w ith the sam e crystal b u t using a very different steady-state enhancem ent tech n iq u e [4] .
M easurem ents at 170 K, i.e. below the low te m p eratu re anom aly, show ed th a t th e app ro ach o f the satellites to eq u ilib riu m was q u ite exponential at all crystal orientations. T his show ed th at m agnetic relaxation effects w ere sm all at th a t tem p eratu re so that the m easured relax atio n rate could be taken to be 2 W x [5] , (O ur earlier w ork [4] show ed th at m agnetic relaxation was negligible in the crystal at room tem p eratu re.) Values o f Wx at 170 K are show n in Fig. 3 , to g eth er w ith curves representing the best fit o f the d ata to (1) . T h e corresponding M -tensor com ponents, n orm alized w ith respect to M im (w here e2Q 2M uu/96 = (0.0109 ± 0.0005) s " 1), are listed in T able 1. It is not yet know n why th e agreem ent betw een experim ent and theory is so m uch poorer at 170 K th an at 298 K, though we have evidence that the low tem p eratu re relaxation rates m ay depend on the previous trea tm e n t o f the sam ple, as reported elsew here [6 ] . N evertheless, it is clear th at the orientation dependence o f W x at 170 K is qualitatively sim ilar to th at at 298 K, indicating th a t the low tem p eratu re anom aly is not caused by tw o very different relaxation m echanism s as we suggested earlier [4] , It can also be in ferred th at the relaxation at 170 K does not occur p re dom inantly by spin diffusion to rapidly-relaxing nuclei in dom ain walls for exam ple, since, in th a t case, the relaxation rate should be a m axim um at the orientation 0 = 9 0° and ^= 9 0° w here the d ip o lar interaction is strongest. Table 1 shows ratios o f the M -tensor com ponents calculated for various types o f lattice m otions using a point charge m odel (cf. [4] ). F o r all cases except reorientation o f the N 0 2 groups, fluctuations in V^ß were assum ed to be linear in the atom ic d is placem ents. The calculations took into account the seven nearest neighbours. A greem ent betw een experim ent and theory is generally poor, except for the m odel w here it is assum ed th a t the N 0 2 groups oscillate (independently o f one another) ab o u t the c axis, and only the four nearest neig h b o u r oxygen atom s contribute significantly to V2ß. (W hen the two next-nearest oxygen atom s w ere also taken into account, M2323/M\i\\ was found to be 1.0 0 , m uch larger than the observed value.) O u r results th e re fore support the conclusion o f others [7] th a t p o la r ization reversal occurs by reo rien tatio n ab o u t the c axis, rath e r than ab o u t the a axis as indicated by IR ab so rp tio n and R am an experim ents [8 , 9] . Also, o u r ten tativ e finding th at the d o m in an t co n trib u tio n com es from the four nearest oxygen atom s, p resu m ably indicates th at the m ain co n trib u tio n to the fluctuating electric field grad ien t is caused by over lap o f the electron clouds o f the N a ions and these fo u r atom s. As can be seen in the last colum n o f T able 1, even b etter agreem ent w ith ex perim ent can be o b tain ed by com bining two m odels and su p p o s ing th a t the sodium ions vibrate isotropically w ith a rm s am p litu d e w hich is 35% larger th a n th e am p li tu d e o f the m otion o f th e oxygen atom s associated w ith the rotation o f the N 0 2 groups ab o u t the c axis.
